The discovery that reflex neuronal circuits control immunity provided a new mechanistic understanding of infection and injury. Pinho-Ribeiro et al. (2018) report that lethal tissue destruction from streptococcal necrotizing fasciitis (''flesh-eating disease'') occurs because sensory neurons reflexively inhibit frontline immune responses.
In August of 1985, as a neurosurgery intern, I received unforgettable parting advice as the chief resident exited the hospital for the night. Leaving me solely responsible for 45 post-operative patients, he said, ''Call me if any of them complain of intense pain in their incision, even if the wound looks fine.'' Sensing my inquisitiveness, he continued, ''Severe wound pain can be necrotizing fasciitis, a syndrome of Gram-positive bacteria and pus spreading fast along fascia planes out of sight beneath the wound. Gangrene occurs within hours; it is fatal half the time.'' This warning rang in my mind's ear for years after as I examined thousands of incisions and wounds. Even now I hear it, knowing that not only modern clinicians but historically dating back to Hippocrates (460-375 BCE) as well as US Civil War and later battlefield surgeons all recognized excruciating pain as the cardinal feature of necrotizing fasciitis, more recently known as ''flesh-eating disease.'' Like a mystery running throughout medical history, no one understood the relationship of pain to the pathogenesis of tissue destruction speeding seemingly unimpeded through immune defenses. Now, in this issue of Cell, Pinho-Ribeiro et al. present their surprising discovery that at once solves the history of mystery and suggests new avenues to potential therapies (Pinho-Ribeiro et al., 2018) . The microbial exotoxin, streptolysin S, secreted by Streptococcus pyrogenes, stimulates TRPV1 sensory neurons to incite both pain and the release from these same neurons of calcitonin generelated peptide (CGRP), a neurotransmitter that directly impairs neutrophil killing of bacteria ( Figure 1 ). Administration of botulinum neurotoxin A paralyzes this neural signaling, reverses the immunosuppression, and restores the immune-system-dependent eradication of infection. This elegant and novel mechanism links pain directly to the clinical problem.
The crucial conceptual novelty of this work is that the neuron is the central mechanism controlling the primary innate immune response. In the necrotizing fasciitis wound, there is a relative deficiency of neutrophils, white blood cells that normally eradicate bacteria. This impaired inflammatory response is the heart of the problem. Generations of immunologists have been taught that soluble mediators produced by immunocompetent cells provide paracrine and humoral signals to increase and decrease the innate immune response. Only recently have we learned that neuronal action potentials transmitted in reflex circuits can control immune responses (Chavan et al., 2017) . The present study adds importantly to the larger overarching question about how neurons regulate immunity.
Nearly every cell in the body is enveloped by peripheral sensory neurons. Stitched together like a neural lace, these neurons respond to any number of molecular changes in the internal milieu as a frontline information network. Dogma posits that epithelial cells and white blood cells stand alone on the frontline defending against pathogen invasion. But advances in neuroscience and immunology have added neurons to the defensive front line. Bacterial pore-forming toxins and N-formylated peptides stimulate sensory nocioceptive neurons to produce calcium influx and action potentials (Chiu et al., 2013) . These neural action potentials can travel in two directions: (1) toward the spinal cord and brain as afferent signals and (2) as axon reflexes that begin ascending as afferent signals but then double back along neural junctions in the network and travel toward the periphery. The efferent arc of these axon reflexes culminate in the local release of substance P, calcitonin-related gene products, and other signaling molecules that can inhibit neutrophil accumulation and suppress monocyte responses to bacteria. This local sensory neuron response to the presence of bacteria can render the immune attack insufficient.
Neural reflexes during inflammation and infection can also control inflammatory responses at a distance. The inflammatory cytokines interleukin-1 (IL-1) and tumor necrosis factor (TNF) activate sensory signals in the vagus nerve that are conveyed to the brain to initiate fever and anorexia (Chavan et al., 2017) . Efferent signals arising in the vagus inhibit production of TNF and IL-1 as well as other inflammatory cytokines in the spleen and other organs. These vagus nerve signals are the afferent and efferent arc of an ''inflammatory reflex'' . Action potentials arising in the vagus nerve modulate adrenergic neurons in the spleen to modulate the activity of a T cell subset termed ''T ChAt'' that secretes acetylcholine. Acetylcholine signals through alpha-7 nAChR in macrophages and monocytes as the mechanism that inhibits production of TNF and other cytokines. Mapping the molecular mechanisms of the inflammatory reflex paved the way for bioelectronic medicine strategies that use electronic devices to activate the vagus nerve as an anti-inflammatory therapy for treating inflammatory diseases .
The Pinho-Ribeiro study reveals that nocioceptive neurons expressing TRPV1 mediate the tissue destruction of streptolysin S. Mice rendered deficient in TRPV1 neurons are protected from dermal destruction, as are animals receiving botulinum A to inhibit neuronal vesicle release. By blocking the local neural release of CGRP, botulinum A enables the neutrophils to do their job. Central intrathecal administration of botulinum A prevents pain behavior but does not prevent tissue destruction, giving evidence that the neurons responsible for the cardinal manifestation of necrotizing fasciitis are inextricably linked to the signal (CGRP) that protects the bacteria from neutrophil killing.
As with all seminal discoveries, these findings raise important new questions that can now be addressed. Is there neural specificity to streptolysin A, and what are the roles of other neural subtypes and toxins? Streptolysin A is a pore-forming cytolysin capable of non-specifically embedding itself in cell membranes to produce ion channels (Molloy et al., 2011) . Is this the mechanism that generates action potentials that produce pain Streptococcus pyogenes on skin gains access to the fascial plane between (in this case) subcutaneous tissue and muscle. TRPV1 nocioceptive neurons are stimulated by the exotoxin streptolysin S to transmit axon reflexes. This is the basis of intense pain, the cardinal feature of necrotizing fasciitis. In addition, action potentials in these same neurons return as axon reflexes to distal nerve endings that secrete calcitonin gene-related peptide (CGRP). This neuropeptide inhibits neutrophil activity against the invading pathogen. The result is that pathogens replicate relatively unscathed against innate immune responses and disseminate rapidly along the fascial planes' deep tissue, causing massive necrosis and destruction.
and CGRP release? We are in an age of unprecedented capability to apply molecular genetics to mapping specific neural circuits down to the level of individual axons and fibers (Chang et al., 2015; Han et al., 2018) . This approach has revealed functional neural circuits that, like the inflammatory reflex, do not fit neatly into the historic generalized classifications of ''sympathetic'' versus ''parasympathetic'' (Pavlov and Tracey, 2017) . The present study provides a roadmap to discover and define other specific neural circuits based on biological function and molecular signatures.
Using computer-learning algorithms and artificial intelligence methods, we recently decoded the electronic ''signature'' from recordings of vagus nerve sensory signals to distinguish between the TNF and IL-1 signals traveling to the brain (Steinberg et al., 2016) . Will decoding the TRPV1 neural response to streptolysin S differentiate it from other toxins or mediators? Streptolysin S-like bacterial toxins are encoded by a nine-gene operon termed ''streptolysin-associated genes'' or SAG and are expressed by other clinically important pathogens including Staphylococcus, Listeria, and Clostridium (Molloy et al., 2011) . Do these pathogens also exploit neural circuits to their advantage, and can drugs that target neural signals modulate them? Finally, as recent successful clinical trials have targeted the inflammatory reflex to the benefit of patients with rheumatoid arthritis, it is fair to ask whether it may be possible to develop bioelectronic devices to target specific neural circuits to treat patients with infection and necrotizing fasciitis (Koopman et al., 2016) .
A new solid-state NMR study determines the high-resolution hetero-amyloid structure of the RIPK1-RIPK3 signaling complex that is involved in mediating necroptosis. The structure demonstrates specific formation of hetero-amyloids over homo-amyloids and the structural basis for a functional amyloid to act as a platform to recruit and activate downstream partners in intracellular signaling.
While the accumulation of amyloids is recognized to be a hallmark of human neurodegenerative diseases, such as Alzheimer's disease and Parkinson's disease (Eisenberg and Jucker, 2012) , protein amyloids have also more recently been found to be functional entities that are involved in various biological processes, including intracellular signaling (Li et al., 2012) and stress granule formation (Kato and McKnight, 2017) . The formation of the necrosome by the
